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DOCUMENT -IDENTIFIER: US 20030033626 Al 

TITLE: Manipulation of genes of the mevalonate and isoprenoid pathways to create novel 
traits in transgenic organisms 

Detail Description Paragraph (21) : 

[0066] SEQ ID NO: 20) is a PCR primer containing Rhodobacter capsulatus DNA. 
Detail Description Paragraph (56) : 

[0101] SEQ ID NO: 55) Rhodobacter capsulatus idiB (IPP isomerase) . 
Detail Description Paragraph (71) : 

[0116] SEQ ID NO: 71) is Rhodobacter capsulatus orf encoding phytoene synthase (crtB) . 
Detail Description Paragraph (163) : 

[0197] In a specific, exemplified embodiment, orfs encoding IPP isomerase are isolated 
and vectors containing an operon comprising orfs for the entire mevalonate pathway and 
an additional orf for IPP isomerase are constructed as follows: A Rhodobacter 
capsulatus orf encoding a polypeptide with IPP isomerase activity is isolated by PCR 
from genomic DNA (J. E. Hearst, Lawrence Berkeley Laboratories, Berkeley, Calif.) using 
the following primers: 

Detail Description Paragraph (164) : 

[0198] containing the restriction sites Xhol shown underlined, BsaAI shown in bold, 
Xhal shown in italic, EcoRV shown double underlined, and Not I shown in bold italic. The 
PCR product is restricted with Xhol-Xbal, isolated by agarose gel electrophoresis, 
purified by GeneClean, and inserted into the Xhol-Xbal sites of pBluescript (SK+ ) by 
ligation to form pBSIDI . Sequence analysis is performed to identify the plasmids 
containing R. capsulatus DNA identical to the complementary sequence of base pairs 
34678-34148, located on contig rc04 ( Rhodobacter Capsulapedia, University of Chicago, 
Chicago, 111.). Following restriction of pBSIDI with BsaAI-EcoRV, agarose gel 
electrophoresis and GeneClean purification, the 0.5 Kb BsaAI-EcoRV DNA fragment 
containing the R. capsulatus orf is inserted into the dephosphorylated Smal site of 
pHK03 by blunt-end ligation to create pHKOB (FIG. 9) . This establishes the isolation of 
a previously unknown and unique orf encoding R. capsulatus IPP isomerase. 

Detail Description Paragraph (169) : 

[0202] In another exemplified embodiment, vectors containing open reading frames (orfs) 
encoding enzymes of the mevalonate pathway and IPP isomerase other than those described 
above are constructed. Polynucleotides derived from the yeast Saccharomyces cerevisiae, 
the plant Arabidopsis thaliana, and the bacteria Rhodobacter capsulatus and 
Streptomyces sp strain CL190 are used for the construction of vectors, including 
plastid delivery vehicles, containing orfs for biosynthesis of the encoded enzymes. 
Construction of the vectors is not limited* to the methods described. One skilled in the 
art may choose alternative restriction sites, PCR primers, etc. to create analogous 
plasmids containing the same orfs or other orfs encoding the enzymes of the mevalonate 
pathway and IPP isomerase. 

Detail Description Paragraph (215) : 

[0241] A Rhodobacter capsulatus orf encoding a polypeptide with phytoene synthase 
activity is isolated by PCR from genomic DNA using the primers 

Detail Description Paragraph (260) : 

[0283] Hahn et al . , M 1 -Deoxy-D -Xylulose 5-Phosphate Synthase, the Gene Product of Open 
Reading Frame (ORF) 2816 and ORF2895 in Rhodobacter capsulatus," J. 
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Detail Description Paragraph (264) : 

[0287] Hahn et al . , "Open Reading Frame 176 in the Photosynthesis Gene Cluster of 
Rhodobacter capsulatus Encodes idi, a Gene for Isopentenyl Diphosphate Isomerase, " J. 
Bacteriol. 178:619-624 (1996) • ■ - - 

Detail Description Paragraph (277) : 

[0300] Kuzuyama et al . , "Direct Formation . of 2 -C-Methyl -D-Erythritol 4-Phosphate by 
1-Deoxy-D-Xylulose 5 -Phosphate Reductoisomerase, a New Enzyme in the Non-Mevalonate 
Pathway to Isopentenyl Diphosphate," Tetrahedron Lett. 39:4509-4512 (1998) 

Detail Description Paragraph (278) : 

[0301] Kuzuyama et al . , " Fosmidomycin, a Specific Inhibitor of 1-Deoxy-D-Xylulose 

5 -Phosphate Reductoisomerase in the Nonmevalonate Pathway for Terpenoid Biosynthesis," 

Tetrahedron Lett. 39:7913-7916 (1998) , 
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=> file medline caplus biosis embase scisearch 

COST IN U.S. DOLLARS SINCE FILE TOTAL 

ENTRY SESSION 

FULL ESTIMATED COST - - ...... • 0.21 - 0.21 
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COPYRIGHT (C) .2003 AMERICAN CHEMICAL SOCIETY (ACS) 
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COPYRIGHT (C) 2003 BIOLOGICAL ABSTRACTS INC. (R) 

FILE 'EMBASE' ENTERED AT 13:32:45 ON 05 MAY 2003 

COPYRIGHT (C) 2003 Elsevier Science B.V. All rights reserved. 

FILE 'SCISEARCH' ENTERED AT 13:32:45 ON 05 MAY 2003 
COPYRIGHT 2003 THOMSON ISI 

=> file medline caplus biosis embase scisearch 
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COPYRIGHT (C) 2003 Elsevier Science B.V. All rights reserved. 
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=> s 1-deoxy-D-xylulose 5-phosphate reductoisomerase and (dna or rna or nucleic acid) 
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PROCESSING COMPLETED FOR LI 
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L4 1 L2 AND 1990-1998/PY 
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DOCUMENT NUMBER: 98374274 PubMed ID: 9707569 
TITLE: A 1-deoxy-D-xylulose 

5 -phosphate reductoisomerase 

• catalyzing the formation of 2-C-methyl-D-erythritol 

4 -phosphate in an alternative nonmevalonate pathway for 
terpenoid biosynthesis. 
AUTHOR: Takahashi S; Kuzuyama T; Watanabe H; Seto H 

CORPORATE SOURCE: Institute of Molecular and Cellular Biosciences, University 

of Tokyo, Bunkyo-ku, Tokyo 113-0032, Japan. 

SOURCE: PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 

UNITED STATES OF AMERICA, (1998 Aug 18) 95 (17) 
9879-84. 

Journal code: 7505876. ISSN: 0027-8424. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 
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AB Several eubacteria including Esherichia coli use an alternative 

nonmevalonate pathway for the biosynthesis of isopentenyl diphosphate 
instead of the ubiquitous mevalonate pathway . In the alternative pathway, 
2-C-methyl-D-erythritol or its 4-phosphate, which is proposed to be formed 
from 1-deoxy-D-xylulose 5-phosphate via intramolecular rearrangement 
followed by reduction process, is one of the biosynthetic precursors of 
isopentenyl diphosphate. To clone the gene(s) responsible for synthesis 
of 2-C-methyl-D-erythritol 4-phosphate, we prepared and selected E. coli 
mutants with an obligatory requirement for 2-C-methylerythritol for growth 
and survival. All .the DNA fragments that complemented the 
defect in synthesizing 2-C-methyl-D-erythritol 4-phosphate of these 
mutants contained the yaeM gene, which is located at 4.2 min on the 
chromosomal map of E. coli. The gene product showed significant 
homologies to hypothetical proteins with unknown functions present in 
Haemophilus influenzae, Synechocystis sp. PCC6803, Mycobacterium 
tuberculosis, Helicobacter pyroli, and Bacillus subtilis . The purified 
recombinant yaeM gene product was overexpressed in E. coli and found to 
catalyze the formation of 2-C-methyl-D-erythritol 4-phosphate from 
1-deoxy-D-xylulose 5-phosphate in the presence of NADPH. Replacement of 
NADPH with NADH decreased the reaction rate to about 1% of the original 
rate. The enzyme required Mn2 + , Co2 + , or Mg2 + as well. These data 
clearly show that the yaeM gene encodes an enzyme, designated 1- 
deoxy-D-xylulose 5-phosphate 

reductoisomerase, that synthesizes 2-C-methyl-D-erythritol 
4-phosphate from 1-deoxy-D-xylulose 5-phosphate, in a single step by 
intramolecular rearrangement and reduction and that this gene is 
responsible for terpenoid biosynthesis in E. coli. 
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AB The invention provides methods and materials related to the prodn. of 
isoprenoids. Specifically, the invention provides cloned genes for 
enzymes of polyisoprenoid biosynthesis and the enzymes and cells 
expressing the cloned genes for use in the manuf. of isoprenoids such as 
enzyme Q10. Genes for the enzymes were cloned from Sphingomonas trueperi 
and Rhodobacter sphaeroides by PCR using primers derived from 
known genes for the enzymes.. Construction of expression vectors and 
expression hosts is described.. Specifically, hosts in which genes for 
enzymes that would draw isopentenyl pyrophosphate away from coenzyme Q10 
biosynthesis are inactivated are described. Inactivation of any one of 
these genes increases the yield of coenzyme Q10. 
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AB DERWENT ABSTRACT: 

NOVELTY - Substantially pure polypeptides (I) comprising amino acid 
sequences which have a length and percent identity to the fully defined 
sequences S3, S39, S42 or S97,' over the length, are new. 

DETAILED DESCRIPTION - The point defined by the length and the 
percent identity in (I) is within the area defined by points A, B, C and 
D of the defined Figure 26 (See Figure), where point A (for S3, S39, S42 
or S97) has co-ordinates (641,100), (333,100), (337,100) and (386,100), 
respectively, point B has co-ordinates (641,65), (333,65), (337,65) and 
(386,65), respectively, point C has co-ordinates (25,65) for all four 
sequences, and point D has co-ordinates (5,100) for all four sequences. 
INDEPENDENT CLAIMS are also included for the following: (1) an isolated 
nucleic acid (NA) (II) comprising a sequence having a length and a 
percent identity to the fully defined nucleobase sequence Nl over the 
length, where the point defined by the length and the percent identity i 
within the are defined by points A, B, C and D of the defined Figure 26 
(See Figure), having coordinates (3626, 100), (3626, 65), (50, 65) and 
(12, 100), respectively; (2) an isolated NA (III) comprising a sequence 
having a length and a percent identity to the fully defined nucleobase 
sequence N2 over the length, where the point defined by the length and 
the percent identity is within the are defined by points A, B, C and D o 
Figure 26 having coordinates (1926, 100), (1926, 65), (50, 65) and (12, 
100), respectively; (3) an isolated NA (IV) encoding a polypeptide 



comprising a sequence having a length and a percent identity to S3 over 
the length as in (I) above; (4) an isolated NA (V) comprising a sequence 
having a length and a percent identity to the fully defined nucleobase 
s equence N 3 7 "over the "lengthy "whex e ™t he point" def ined ~ b y t h e -length and ~ 
the percent identity is within the are defined by points A, B, C and D of 
Figure 26 having coordinates (1990, 100), (1990, 65),. (50., 65) and (16, 
100), respectively; (5) an isolated NA (VI) comprising a sequence having 
a length and a percent identity to the fully defined nucleobase sequence 
N38 over the length, where the point defined by the length and the 
percent identity is within the are defined by points A, B, C and D of 
Figure 26 having coordinates (1002, 100), (1002, 65), (50, 65) and (16,. 
100), respectively; (6) an isolated NA (VII) encoding a polypeptide 
comprising a sequence having a length and a percent identity to S39 over 
the length as in (I) above; (7) an isolated NA (VIII) comprising a 
sequence having a length and a percent identity to the fully defined 
nucleobase sequence N40 over the length, where the point defined by the 
length and the percent identity is within the are defined by points A, B, 
C and D of Figure 26 having coordinates (1833, 100), (1833, 65), (50, 65) 
and (16, 100), respectively; (8) an isolated NA (IX) comprising a 
sequence having a length and a percent identity to the fully defined 
nucleobase sequence N41 over the length, where the point defined by the 
length and the percent identity is within the are defined by points A, B, 
C and D of Figure 26 having coordinates (1014, 100), (1014, 65), (50, 65)- 
and (16, 100), respectively; (9) an isolated NA (X) encoding a 
polypeptide comprising a sequence having a length and a percent identity 
to S42 over the length as in (I) above; (10) an isolated NA (XI) 
comprising a sequence having a length and a percent identity to the fully 
defined nucleobase sequence N95 over the length, where the point defined 
by the length and the percent identity is within the are defined by 
points A, B, C and D of Figure 26 having coordinates (2017, 100), (2017, 
65), (50, 65) and (16, 100), respectively; (11) an isolated NA (XII) 
comprising a sequence having a length and a* percent identity to the fully 
defined nucleobase sequence N96 over the length, where the point defined 
by the length and the percent identity is within the are defined by 
points A, B, C and D of Figure 26 having coordinates (1161, 100), (1161, 
65), (50, 65) and (16, 100), respectively; (12) an isolated NA (XIII) 
encoding a polypeptide comprising a sequence having a length and a 
percent identity to S97 over the length as in (I) above; (13) an isolated 
NA (XIV) comprising a nucleic acid sequence of at least 12 nucleotides, 
where the isolated nucleic acid hybridizes under hybridization conditions 
to the sense or antisense strand of a nucleic acid molecule comprising a 
sequence N1,N2, N37, N38, N40, N41, N95 or N96; (14) making an isoprenoid 
(Ml) comprises culturing a genetically modified cell comprising at least 
one exogenous nucleic acid that encodes one polypeptide, where the cell 
produces more of the isoprenoid than a comparable cell lacking at least 
one exogenous nucleic acid or comprises one genomic deletion; (15) a host 
cell comprising any of the NAs above; and (16) increasing (M2) production 
of CoQ(10) in a cell having endogenous decaprenyl diphosphate synthase 
(DDS) activity, comprises inserting a nucleic acid molecule encodes a: 
(a) polypeptide having DDS; or (b) polypeptide having 
l-deoxyxylulose-5-phosphate synthase (DXS) activity. 

BIOTECHNOLOGY - Preferred Nucleic Acid: Point B of (II), (V), 

(VIII) or (IX) may have coordinates (3626, 85), (1990,85), (1833,85) or 
(2017,85), respectively. Point C of (II) may have coordinates (100,65) 

or (50, 85), whereas point C of (V) may have coordinates (100, 55) or 
(50, 85). Furthermore, point D of (II) or (V) may have coordinates 
(15,100) or (20,100). Preferably, the nucleic acids (II), (III), (V), 
(VI), (VIII), (IX), (XI) and (XII) encode a polypeptide that has DXS 

activity (for (II) and (III)), DDS activity (for (V),(VI), (VIII) and 

(IX) ) or 1-deoxy-D-xylulose 

5-phosphate reductoisomerase (DXR) activity 

for ((XI) and (XII), (XIV) is at least 50 nucleotides and encodes a 
polypeptide that may have DXS, DDS, or DXR activity. The NA of (II), (V), 



(VIII) and (IX) are preferably those as set in Nl, N37, N40, and N95. The 
NA of (IV), (VII), (X) and (XIII) encode polypeptides having DXS, DDS, 
"DDS and DXR activity, respectively. Preferred Polypeptide: The 
polypeptides of "S3, S3 9, S42 "and S97 have DXS, DDS, DDS or DXR activity 
respectively. Preferred Host Cell: The host cell is prokaryotic, and can 
be Rhodobacter, Sphingomonas or Escherichia cells. The host 
° cell comprises an exogenous nucleic acid that encodes a polypeptide 

having DDS, DXS, ODS, SDS, DXR, 4-diphosphocytidyl-2C-methyl-D-erythritol 
synthase, 4-diphosphocytidyl-2C-methyl-D-Erythritol kinase, or chorismate 
lyase activity. The host cell comprises an exogenous nucleic acid 
comprising an UbiC and LytB sequence, and a non-functional crtE, ppsR or 
ccoN sequences, where the exogenous nucleic acid is within a crtE, ppsR 
or ccoN locus of the cell. The host cell also comprises a genomic 
deletion, where the deletion comprises at least a portion of a crtE, ppsR 
or ccoN sequences, and where the host cell has a non- functional crtE, 
ppsR or a ccoN sequence. Preferred Method: In (M2) the nucleic acid 
molecule comprises (V)-(X) or (XIV). The production of CoQ(lO) is 
increased at least about 5% as compared to a control cell lacking the 
inserted nucleic acid molecule. The cells used in the method are 
Rhodobacter or Sphingomonas, or a (highly) membranous bacterium. 
The method further comprises inserting a second nucleic acid molecule 
comprising a nucleotide sequence that encodes a polypeptide having DXS 
activity (for (a) of (M2)) or DDS activity (for (b) . of (M2) in the cell. 
The second nucleic acid molecule also comprises (II), (III) or (IV). In 

(Ml), the polypeptide is a UbiC or a LytB polypeptide. The polypeptide 
has DDS, DXS, ODS (undefined) , SDS (undefined) , DXR, 4-diphosphocytidyl- 
2C-methyl-D-erythritol synthase, 4-diphosphocytidyl-2C-methyl-D- 
Erythritol kinase, or chorismate lyase activity. The cell comprises a 
non-functional crtE, ppsR or ccoN sequence, along with a genomic 
deletion, where the deletion comprises at least a portion of a crtE, ppsR 
or ccoN sequence, and the cell comprises a non- functional crtE ppsR or 
ccoN sequence . 

USE - The polypeptides are useful for the production of isoprenoids ,- 
especially CoQ(lO). Expressing (I) which has l-deoxyxylulose-5-phosphate 
synthase (DXS) activity or decaprenyl diphosphate synthase (DDS) activity 
is useful for increasing production of CoQ(lO) in a cell having 
endogenous DDS activity (all claimed) . 

EXAMPLE - Bacterial genomic DNA was extracted from Sphingomonas 
trueperi cells and a polymerase chain reaction (PCR) was performed to 
isolate- the nucleic acid that encodes a S. trueperi polypeptide having 
l-deoxyxylulose-5-phosphate synthase (DXS) activity. Three degenerate 
forward PCR primers (Fl, F2, and F3) and three degenerate reverse primers 
(Rl, R2, and R3) were designed by comparing sequences of several clones 
that encode polypeptides having DXS activity. The primers were: (1) Fl : 
5 1 - RTKATT YTMAAYGAYAAYGAAATG- 3 ' ; ( 2 ) F2 : 5 ' - T T T GAAGAR YT VG G YWT T AACT A- 3 * ; 
( 3 ) F3 : 5 ' - RCAYCARGCTTAYS CVCAYAA- 3 1 ; ( 4 ) Rl : 5 1 -CGTGYTGYTCDGCRATHGCBAC- 
3 ! ; (5) R2: 5 1 -TGYTCDGCRATHGCBACRTCRAA-3 ' ; and (6) R3 : 

5 1 -GGSCCDATRTAGTTAAWRCC. After the PCR, a portion of each product was 
separated by gel electrophoresis. This revealed that the combination of 
• F3 with R2 produced a nucleic acid molecule of 882 bp (known as F3R2 
fragment) . This fragment was purified and ligated into the pCRII-TOPO 
vector which was in turn inserted into E.' coli TOP10 cells. Plasmid DNAs 
were obtained and sequenced; this revealed that the sequence of the F3R2 
fragment aligned with sequences from other nucleic acid molecules that 
encode polypeptides having DXS activity. To obtain the complete coding 
sequence for the S. trueperi polypeptide having DXS activity, genome 
walking was performed. (24 6 pages) 
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The present invention relates to enzymic activity involved in isoprenoid 
biosynthesis as well as to inhibitors, notably herbicides, for enzymes in 
the biosynthesis of isoprenoids . More specifically, the present invention 
relates to screening methods for detecting such inhibitors, and to 
enzymically active proteins for performing said methods as well as 
purified isolated DNA coding for such proteins. Moreover, the present 
invention relates to novel inhibitors detectable by said screening methods 
as well as compns . and processes for inhibiting the synthesis of 
isoprenoids and for controlling the growth of organisms based on said 
inhibitors . The invention relates also to the development of 
inhibitor-resistant plant enzymes and plants, plant tissues, plant seeds 
and plant cells. Thus, isoprenoid biosynthesis is shown to proceed via: 
(1) 2C-methyl-D-erythritol 4-phosphate plus CTP conversion to 
4-diphosphocytidyl 2C-methyl-D-erythritbl (I) as catalyzed by 
4-diphosphocytidyl-2C-methyl-D-erythritol synthase; (2) I plus ATP 
conversion to 4-diphosphocytidy-2C-methyl-D-erythritol 2-phosphate (II) 
via 4-diphosphocytidyl-2C-methyl-D-erythritol kinase; and (3) followed by 
conversion of II to 2C-methyl-D-erythritol 2, 4-cyclopyrophosphate via 
2C-Methyl-D-erythritol 2 , 4-cyclodiphosphate synthase. Genes ygbP, ychB, 
and ygbB encoding these enzymes are cloned from Escherichia coli, 
Arabidopsis thaliana, and tomato. The enzymes provide applications in 
screening for herbicidal inhibitors and for genetic engineering of 
herbicide resistance in plants. 
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Disclosed is a method for the prodn. of isoprenoid compds . by cultivating 
transgenic prokaryotes that have been transformed with the gene for (1) 
1-deoxy-D-xylulose 5-phosphate synthetase; (2) farnesyl pyrophosphate 
synthetase; (3) exodeoxyribo-nuclease ; (4) a defined protein; and/or (5) 
1-deoxy-D-xylulose 5~ 

phosphate reductoisomerase . The transgenic prokaryotes 

are selected from Escherichia, Rhodobacter, or Erwinia. The 

isoprenoid compds. are useful for (1) the treatment of heart diseases or 

osteoporosis, hemostasis, prevention of cancer, immunopotentiation, etc! 

and (2) the prepn. of health foods, antifouling coatings, etc. A method 

for screening compds. for their antibacterial or herbicidal activity or 

herbicidal activity by detecting their inhibitory activity against the 

enzymes assocd. with the non-mevalonate pathway is also claimed. 

Isolation of the genes assocd. with the biosynthesis of isoprenoid compds. 

from Escherichia coli strain XLl-Blue and use of the genes to improve the 

yield of CoQ8 by transgenic E. coli DH5. alpha, were shown. The 

Rhodobacter sphaeroides counterparts of gene DXS were also • 

provided. 
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AB Fosmidomycin (I 

xylulose 5 -phosphate reductoisomerase 

in an alternative nonmevalonate pathway for terpenoid biosynthesis with 
IC50 of 8.2 nM. Inhibition occurred for both intact recombinant 
Escherichia coli and with the purified enzyme. I-mediated 
inhibition was mixed- type (competitive and noncompetitive) . 
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AB This invention relates to an isolated nucleic acid fragment encoding an 
isopentenyl diphosphate biosynthetic enzyme, 1-deoxy- 
D~ xylulose 5 -phosphate 

reductoisomerase (I) . The cDNA and encoded amino acid sequences 
of I of corn, rice, soybean, and wheat are disclosed. The invention also 
relates to the construction of a chimeric gene encoding all or a portion 
of I, in sense or antisense orientation, wherein expression of the 
chimeric gene results in prodn. of altered levels of the I in a 
transformed host cell. 
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1-Deoxy-D-xylulose 5-phosphate is biotrans formed to 2-C-methyl-D- 
erythritol 4-phosphate in a single step in the presence of NADPH by a new 
recombinant enzyme named 1-deoxy-D- 
xylulose 5-phosphate reductoisomerase 
purified from Escherichia coli . 
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The invention concerns cDNA encoding l-deoxyxylulose-5-phosphate 
reductoisomerase from Arabidopsis thaliana and a procedure for identifying 
modulators of "the activity of this enzyme as well as l-deoxy-D-xylulose-5- 
phosphate synthase. The title enzyme assays comprise conversion of 
pyruvate and glyceraldehyde-3-phosphate to l-deoxy-D-xylulose-5-phosphate 
with l-deoxy-D~xylulose-5-phosphate synthase and the conversion of 
l-deoxy-D-xylulose-5-phosphate to 2-C-methyl-D-erythritol-4-phosphate with 
l-deoxyxylulose-5-phosphate reductoisomerase. The latter reaction occurs 
with oxidn. of NADPH to NADP. Some of the modulators of this reaction 
pathway may be useful as herbicides. 
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New nucleic acid sequence encoding 1-deoxy 
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DOCUMENT TYPE: Patent 
LANGUAGE : English 

OTHER SOURCE: WPI : 2003-066660 [06]. 

AB DERWENT ABSTRACT: " 
NOVELTY - An isolated nucleic acid sequence (I) encoding 1- 
deoxy-D-xylulose 5- 

phosphate reductoisomerase (DXR) from a eukaryotic 

source, or a nucleotide sequence (S) of 3400 bp encoding a polypeptide of 
477 amino acids given in the specification, a polynucleotide comprising a 
sequence which is 70-95% identical to (S), a polynucleotide which 
hybridizes to (S) or its fragment, or complement of (I), is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: (1) a DNA construct (II) comprising as operably associated 
components in the 5 ! -3' direction of transcription, a promoter functional 
in a plant cell, (I) and a transcriptional termination sequence; (2) a 
host cell (III) comprising (II); (3) a plant comprising (III); and (4) 
producing (IV) an isoprenoid compound of interest in a plant, by 
obtaining a transformed plant, the plant having and expressing in its 
genome, a primary construct comprising (I) operably linked to a 
transcriptional initiation region functional in a plant cell, and at 
least one secondary construct comprising a DNA sequence encoding a 
protein involved in the production of a particular isoprenoid operably 
linked to a transcriptional initiation region functional in a plant cell. 

WIDER DISCLOSURE - Also disclosed are: (1) DXR polypeptides; (2) 
oligonucleotides which include partial or complete DXR encoding 
sequences; (3) plants, seeds and oils having modified isoprenoid content, 
by the expression of DXR; (4) variants of (I); and (5) fragments or 
variants of DXR polypeptides. 

BIOTECHNOLOGY - Preferred Nucleic Acid: (I) is isolated from a plant 
source, preferably Arabidopsis. Preferred Cell: (III) is a plant cell. 

USE - (II) is useful for altering (increasing or decreasing) the 
isoprenoid content in a plant, where (I) is in sense or antisense 
orientation, and also for increasing the non-mevalonate isoprenoid 
biosynthetic flux in cell from a host plant. (II) is also useful for 
modulating disease resistance in a plant. (IV) is useful for producing 
isoprenoids such as tocopherol, carotenoid, monoterpene, diterpene, or 
plastoquinone (claimed). (I) is useful for producing plants or plant 
parts including leaves, stems, roots, reproductive and seed with a 
modified content of tocopherols. 

EXAMPLE - To define the 5 '-region of the putative 1- 
deoxy-D-xylulose 5- 

phosphate reductoisomerase (DXR) gene, the 

corresponding transcription start site was mapped by using the rapid 
amplification of cDNA ends (RACE) technique. Primers were designed on the 
basis of the alignment between the DXR from Escherichia coli 
and the amino acid sequence deduced from the Arabidopsis thaliana genomic 
clone 1 The first strand of cDNA was synthesized using RNA from A. 
thaliana seedlings as a template and the oligonucleotide DXR-GSP1 as 
primer. Two nested polymerase chain reaction (PCR) were carried out to 
amplify the 5 f end of the mRNA. The downstream specific primers used for 
the first and second nested PCR were complementary to the regions 
extending from positions +530 to +550 (primer DXR-GSP2 ) and +456 to +475 
(primer DXR-GSP3) , respectively. Four clones corresponding to the major 
amplification product were sequenced and found to have the same 5 1 end, 
which corresponded to the adenine at position +1 in the genomic sequence 
of DXR. A cDNA containing the whole coding sequence of the- Arabidopsis 
DXR was amplified by two consecutive PCR from a cDNA library derived from 
the A. thaliana (var. Columbia) cell suspension line T87. The reaction 
mixture for the first PCR was prepared in a final volume of 25 micro 
liters containing the DNA template. 0.5 micro M of the upstream primer 
DXR-34: 5 ' -CAAGAGTAGTAGTGCGGTTCTCTGG-3 1 , corresponding to nucleotides +34 
to +58 of the sequence, 0.5 micro M of the downstream primer DXR-E2 : 
5 1 -CAGTTTGGCTTGTTCGGATCACAG-3 1 . The amplification product was purified 



and cloned into plasmid 
pDXR-At. Thus, a cDNA cl 
obtained by PCR from a c 
corresponding to the reg 
+3145 to +3169 of the ge 
amplified cDNA was confi 
and the genomic sequence 
12 exons and 11 introns 
comprised a sequence of 
cDNA encoded a protein o 
molecular mass of 52 kDa 



pBluescript SK+. The resulting plasmid was named 
one encoding the entire A. thaliana DXR was 
DNA library using primers DXR-34 and DXR-E2 
ions extending "from" positions +34 to +58 and 
nomic sequence, respectively. The identity of the 
rmed by DNA sequencing. The alignment of the cDNA 
s showed that the A. thaliana DXR gene contained 
which extended over a region of 3.2 kb and 
3400 bp given in the specification. The cloned 
f 477 amino acid residues with a predicted 
. (19 pages) 
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reductoisomerase (Dxr protein) using NADPH as cof actor. The 
stereochemical features of this reaction were investigated in in vitro 
experiments with the recombinant Dxr protein of Escherichia coli 
using (4R) - or ( 4 S ) - [ 4 - ( 2 ) H ( 1 ) ] NADPH as coenzyme. The enzymatically 
formed 2-C-methyl-D-erythritol-4-phosphate was isolated and converted into 
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cofactor identifies the Dxr protein of E. coli as a class B dehydrogenase. 
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reductoisomerase (Dxr protein) using NADPH as cof actor. The ■ 
stereochemical features of this reaction were investigated in in vitro 
experiments with the recombinant Dxr protein of Escherichia coli 
using (4R)- or ( 4S )-( 4-2H1 ) NADPH as coenzyme. The enzymatically formed 

2- C-methyl-D-erythritol-4-phosphate was isolated and converted into 
1,2:3, 4-di-0-isopropylidene-2-C-methyl-D-erythritol; NMR spectroscopic 
investigation of this derivative indicated that only (4S) - (4-2H1) NADPH 
affords 2-C-methyl-D-erythritol-4-phosphate labelled exclusively in the 
HRe position of C-l. Stereospecif ic transfer of HSi from C-4 of the 

cof actor identifies the Dxr protein of E. coli as a class B dehydrogenase. 
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